Forty-one patients with carcinoma of the gullet and oesophagogastric junction have been investigated by means of a new pneumomediastinographic method of pertracheal insufflation. More than 1,600 patients suffering from various pulmonary or mediastinal lesions have undergone this simple time-saving procedure. Pneumomediastinography cannot replace radiography of the gullet or oesophagoscopy in cases of cancer of the oesophagus. Since it reveals valuable details, which remain hidden in conventional radiographs or during oesophagoscopy, it may complement the findings of two traditional methods of investigation. The main advantages of pneumomediastinography in the diagnosis of cancer of the gullet are: it permits accurate assessment of the size and shape of the tumour; in patients submitted to radiotherapy, the local response to this treatment may be determined by changes in the size of the tumour shadow in pneumomediastinal tomograms; it establishes reliably that the tumour does not invade the adjacent organs; it facilitates visualization of some of the enlarged lymph nodes in the mediastinum which are not visible in conventional radiographs or tomograms; and the radiological characteristics of these lymph nodes facilitate an approximate differentiation between inflammatory and metastatic enlargements.
The diagnosis of carcinoma of the oesophagus is usually confirmed by two methods of investigation, each more than 70 years old-radiography of the gullet and oesophagoscopy. By these means information is obtained concerning the inner surface of the oesophageal wall only, whereas the changes in the outer surface of the viscus remain concealed. This does not matter much in functional disorders of the oesophagus, but when oesophageal tumours are present important information, such as the size and shape of the tumour and the presence of local invasion or of enlarged mediastinal lymph nodes, cannot be obtained by these two traditional methods.
Mediastinoscopy is one of the more recent diagnostic methods (Akovbiantz, Aerberhard, and Linder, 1965; Specht, 1965) but is rather time- consuming and not entirely without risk for the patient. There is another simple and safe method which does not require special surgical training or expensive technical equipment-diagnostic pneumomediastinography (Condorelli, 1936) . This represents a different method of investigating mediastinal organs and is helpful in solving numerous diagnostic problems there. Betouli'eres (BMtouliSeres, Paleirac, and Thevenet, 1952) , one of the pioneers of pneumomediastinography, suggested that this might also be useful for assessing various oesophageal lesions. The idea has not proved popular, for we know of only two papers on this subject (Svoboda and Venclik, 1955; Teichmann, Borek, Stasek, and Valko, 1960) . Pneumomediastinography provides good visualization of all mediastinal organs, including the oeosophagus, which, unless filled with barium, remains invisible in conventional radiographs. Here we suggest that this method helps in the diagnosis of cancer of the oesophagus, particularly as a complement to radiological and oesophagoscopic findings.
MATERIAL AND METHOD
During the last seven years pneumomediastinography has been performed in 41 patients with carcinoma of the oesophagus and the oesophagogastric junction. In this series 21 patients were inoperable and underwent radiotherapy only, but 20 patients had an operation, in eight instances a radical one (Table I) Fig. 1 ), and the outlining of the internal surface of the oesophagus with barium, showed the external contour of the gullet (arrows) and demonstrated a thickening of 0-8 cm. in the anterior wall (arrow) and of 2l8 cm. in the posterior wall (arrow) of the oesophagus 5 cm. in length. Since the insuffiated gas surrounded the oesophagus and separated it from adjacent tissues (arrows), the tumour was restricted to the oesophageal wall only and there was no local invasion. Shadows cast by the aortic arch. right pulmonary artery, and both walls of the trachea were clearly visible.
On the basis of pneumomediastinography the to undergo the planned radical extirpation of the oesophagus and he died one year later.
CASE 30 This 53-year-old man was admitted in April 1960 complaining of dysphagia of 3 months' duration. A barium swallow showed large irregularities and filling defects in the lower third of the gullet transgressing as far as the oesophagogastric junction (Fig. 3) . Oesophagoscopy revealed carcinomatous cauliflower fungations partially obliterating the distal third of the oesophagus which proved malignant on biopsy. Pneumomediastinography (200 ml. oxygen) was performed (Fig. 4) . The insufflated gas allowed visualization of the external wall of the proximal half of the oesophagus as far as the level of the ligamentum arteriosum, which was seen between the aorta and the pulmonary artery. From here downward an enormous shadow of hourglass form was seen: the upper part of this shadow represented a giant cluster of lymph nodes enlarged by metastases. This cluster, not visible in the conventional barium study, had caused deviation of the oesophagus (Fig.  3) . The lower part of the shadow was the large tumour which was not separated from adjacent tissues by insufflated gas.
The lesion was considered to be inoperable. We were able to verify the pneumomediastinographic findings at necropsy since the patient died two months later of hepatic insufficiency from extensive metastatic carcinoma in the liver.
RESULTS
Three important data, not found by traditional methods of investigation, were obtained by pneumomediastinography: the shape and size of the tumour, the absence of local invasion, and the presence of enlarged lymph nodes.
The size of the tumour could be determined and measured on the basis of pneumotomography in all but two (technically inadequate tomograms) of our patients. Our resectable cases showed in the pneumotomograms a growth usually of less than 5 cm. in length and 2 cm. in width. The ability to measure the size of the growth had other advantages. In the follow-up of four patients to whom pre-operative radiotherapy had been given, the response to radiation could be estimated on the basis of the changes in the size of the tumour shadow in the pneumotomograms. A considerable decrease in size of the growth (more than 3 cm. in length and 0 5 cm. in width) could be seen in three of these cases.
Local invasion was assessed by pneumotomograms, and sometimes helped to establish reliably that the tumour did not invade the surrounding organs or tissues (Figs 1 and 2 ). Six of our eight patients in this category were subjected to radical 79 group.bmj.com on January 21, 2018 -Published by http://thorax.bmj.com/ Downloaded from Emil Holub and Cyril Simecek hyperplasia (Fig. 2) (Figs 2, 4, and 6 ). In 20 of our patients, mostly with cancer localized in the midoesophagus, enlarged lymph nodes could be oesophagus, enlarged lymph nodes couldbe rFIG. 4. Case 30. Pneumotomographic stud' in the iright demonstrated. We were able to estimate not only oblique position (depth 11 cm) L.N a giant cluster of the size and position of these but also to carry lvmph nodes enlarged by metastases; TU., the actual out an approximate differentiation between meta-oesophageal cancer; L.A., ligamentum arteriosum; A., static enlargement (Figs 4 and 6) and lymph node aorta; P.A., pulmonary artery. because the gas which forms a sharp negative contrast delineates the shadow cast by the viscus (Fig. 5) . When the oesophagus is filled with barium the inner surface of the oesophageal wall is also outlined.
By this method there may be a more accurate diagnosis of oesophageal cancer. In the early stages of cancer the radiological and endoscopic diagnosis may be extremely difficult, and then the slight thickening of the oesophageal wall which can be detected only in pneumotomograms may be helpful, as we found in three cases of small infiltrating cancers.
On the other hand, in large advanced tumours, where the radiographic and oesophagoscopic findings are conclusive, this method tells us accurately the size of the cancer, which may be of help therapeutically. After radiotherapy, follow-up pneumomediastinography may show the local response to this method of treatment. In addition, the position of the tumour may be determined precisely by means of such landmarks as the aortic arch, pulmonary artery, tracheal bifurcation, both main bronchi, or some-G times the last segment of the azygos vein, which are all well visible in pneumotomograms.
Direct invasion of oesophageal cancer is the most important factor affecting the resectability of the tumour. We think that with pneumotomograms we can determine reliably the absence of invasive growth into the mediastinal structures (Figs 1 and 2) . When oxygen insufflated into the mediastinum surrounds the whole external surface of the tumorous thickening of the oesophageal wall, seen in the pneumotomograms as a narrow strip of negative contrast outlining the outer side of the tumorous shadow and separating it from adjacent organs, there should not be any local invasion present and the cancer should be restricted to the viscus only. We consider such cases to be resectable, but naturally only when there are no other contraindications to radical surgery.
Sometimes gas insufflated into the mediastinum does not surround the tumour, and consequently the outline of the tumour shadow is not completely or partially separated from the neighbouring organs. This may be due either to local invasion or to inflammatory adhesions of the tumour to surrounding structures, though unfortunately we could not differentiate between these two.
Solitary metastases to the tributary lymph nodes play a distinct but not decisive role in the operability or the prognosis. However, information about the presence and position of enlarged lymph nodes within the mediastinum is always helpful. With pneumomediastinography we visualized enlarged mediastinal lymph nodes not hitherto amenable to radiographic representation. As already shown in one of our earlier papers (Sime6ek and Holub, 1966) , a mediastinal lymph node must be at least 0 5 to 0-6 cm. in order to be visualized in pneumomediastinograms and to be evaluated as an enlarged lymph node. The quality of visualization of these enlarged lymph nodes depends largely on their position. The paratracheal and tracheobronchial lymph nodes and the lymph nodes around the aortic arch and behind the oesophagus are most readily seen. The latter are best outlined in lateral or oblique views (Figs 2 and 6) . Visualization of tracheal bifurcation nodes is less good due to overlapping of the pulmonary artery. In addition, the radiological characteristic of the lymph nodes in pneumotomograms facilitates an approximate differentiation between inflammatory (Fig. 2) and metastatic (Figs 4 and 6) enlargements (Sime6ek, 1959; Sime6ek, 1960; Simecek and Holub, 1966 Bronchogenic carcinoma may sometimes produce dysphagia and be misdiagnosed as malignancy of the gullet. We encountered five such patients in whom the oesophagoscopic and radiological appearance of the gullet favoured oesophageal carcinoma. Pneumomediastinography together with cytological investigation of the material obtained by aspiration biopsy of enlarged bifurcation lymph nodes and the bronchoscopic finding enabled us to diagnose bronchogenic carcinoma. Naturally, these cases are not included in our series.
Pneumomediastinography cannot replace the traditional methods of investigation of the oesophagus. But since it reveals some valuable details which remain hidden in conventional radiographs we suggest this method is adopted not only in clinically obvious cases but in all instances where cancer of the oesophagus is suspected. We are well aware that in many countries pneumomediastinography is not so popular, as, for instance, in France, Italy, and Czechoslovakia. However, the purpose of our paper is not to exaggerate its diagnostic value but to show how this procedure can help and can complement other methods.
